ABSTRACT A sequence of thirty-five ultraviolet photographic spectra of the Sun has been obtained in the wavelength region 850-2190 Â, as a function of time during the eclipse. These cover the range from before second contact until midtotality, with a spatial resolution of the order 2 arc sec. A general description of the experiment and data is given. Twenty-five new coronal lines have been seen, the majority of which have been identified as new forbidden transitions. The La corona is observed out to over 1.5 Rq, and a quantitative interpretation is presented. Analyses of other features-e.g., prominences, quiet-atmosphere structure, and coronal condensations-are continuing.
I. INTRODUCTION
This paper describes an experiment carried out in the vacuum ultraviolet region at the solar eclipse of 1970 March 7. A preliminary publication (Speer et al. 1970 ) gave a brief account of the flight and data obtained. The present paper gives a fuller description of the experiment and results, together with some preliminary analysis of the data. Although solar ultraviolet experiments had been carried out on an earlier eclipse (Blamont and Malique 1969) , this was the first time an attempt was made to record stigmatic flash spectra of the chromosphere and corona analogous to the now familiar visible eclipse spectra. Similar experiments were launched by a group from the U.S. Naval Research Laboratory at the same eclipse and have been reported briefly (Brueckner et al. 1970) .
The experiment was launched in an Aerobee 150 rocket from the NASA range at Wallops Island, Virginia. The equipment consisted of two intensity-calibrated Wadsworth grating spectrographs covering the ranges 850-2190 Â and 1850-3150 Â, each fitted with a fifty-exposure camera, which recorded a series of exposures from before second contact to after midtotality. The payload was oriented by means of a modified Strap III pointing control, and was fitted with pressurization and flotation systems for recovery from the Atlantic Ocean. The timing, trajectory, attitude control, camera sequence, and recovery all functioned well and resulted in the retrieval of thirty-five records of excellent quality, each covering the shorter-wavelength range 850-2190 Â. The long-wavelength instrument suffered from an operational failure, and no spectra were obtained from it.
II. DESIGN CONCEPT
a) The Trajectory Figure 1 shows the trajectory of the rocket, and its relation to the data, in a stationary umbral reference frame at the top of the Earth's atmosphere with a coordinate system orthogonal to and concentric with the line of centers of the Sun and Moon. The umbra intercepts this frame as a circle of 120 km diameter representing the locus of all possible points of second contact of the rocket.
An idealized flight path therefore (1) has second contact at apogee (to minimize air absorption), (2) ingresses at constant position angle (no rotation of line of centers), and (3) passes through the line of central eclipse (point of equal midtotality). This is illustrated in Figure 1 (trajectory a).
Because of the payload weight and the distance of the line of central eclipse from the range, it was not found possible to plan such an idealized trajectory for the eclipse flight. However, the conditions of launch were chosen to yield a a nominal ,, (most probable) flight as close as possible to this ideal. This flight path is shown as trajectory b.
b) The Payload Because of the limited period available between the inception of the experiment and the launch date and because the ephemeral nature of the eclipse permitted a launch wines) American Astronomical Society • Provided by the NASA Astrophysics Data System 197lApJ. . .169. .5 95G ULTRAVIOLET SOLAR SPECTRUM No. 3, 1971 597 dow of only 30 seconds for the ideal experiment, the basic concepts were simplicity and reliability, affording the least possiblity of malfunction and delay. Maximum spatial resolution of the chromospheric structure could obviously be best obtained from a rapid sequence of spectra, the first of which would be coincident with, or just prior to, second contact. However, since the trajectory of any rocket can be predicted only within the cone of dispersion of earlier flights of similar vehicles, the precise instant of second contact cannot be predetermined. On-board sensors set to trigger the exposure sequence just before second contact were too sophisticated and unreliable to be adopted for this flight, as was also the practice of ground-command triggering at a time decided by inspection of the real-time radar track of the rocket during the period immediately after launch.
The prime objective of the flight was to obtain an ultraviolet chromospheric flash spectrum. Therefore, we chose to initiate the exposure sequence at a fixed time after launch with a total time spread over the fifty frames such that, for trajectories on the extremes of the launch dispersion, second contact would coincide with the first or last frame. For an ideal flight it would be near the middle of the exposure sequence. This, coupled with the decision to extend the exposure range by making alternate exposures of 0.2 and 1.0 s at approximately 3-s intervals, resulted in a cycle repeat time of 7.2 s, equivalent to a spatial resolution of ^2''8 in the solar atmosphere.
As the success of the experiment depended entirely on the recovery of the films, careful attention was given in the design to the sealing and waterproofing of the payload during reentry, and the maximum number of aids to its recovery after splashdown was incorporated.
III. THE PAYLOAD DESCRIPTION a) The Spectrographs
The slitless Wadsworth mounting was selected as being most appropriate for this payload, because of the latitude it allows in the attitude control requirement and its fast stigmatic optical performance. To achieve an adequate stigmatic performance over a wide range of wavelengths, two spectrographs were employed with angles of incidence chosen so that they covered the ranges 850-2150 Â and 1850-3150 Â. The grating for each instrument was selected to optimize performance within its range. Details of the spectrographs are given in Table 1 .
The layout of the spectrographs is best understood by reference to the payload schematic, Figure 2 (Plate 3). At a preset time after launch, following the ejection of the nose cone and alignment of the payload by the attitude control system, a signal from the on-board electronic programmer started the exposure sequence. The instrument shutter opened, permitting the solar radiation that was already entering through the holes in the upper sealing system (open throughout launch to permit payload pump out) to strike the concave diffraction grating. Dispersed images of the eclipsed Sun in all wavelengths of the incident radiation were focused by the grating onto Kodak 101-01 film held in a machined cassette. The cassette was shaped so that the film conformed to the focal plane of the spectrograph.
At the end of each exposure time, 0.2 s and 1.0 s alternately, the instrument shutter closes and the camera mechanism substitutes an unexposed cassette in the focal plane of the spectrograph, storing the exposed cassette within the body of the camera. This procedure is repeated until spectra have been exposed on all fifty cassettes. Prior to flight the spectrographs were optically aligned and focused by using a specially constructed offaxis ultraviolet collimator. This procedure served to align each spectrograph with the optical axis of the payload, defined as the null axis of the solar position-error sensor.
Flight and calibration films were all processed individually under carefully controlled conditions in fresh photographic solutions at 20° C by using continuous agitation according to the makers' recommended procedure. In order to achieve pointing accuracy commensurate with the required spatial resolution, a modified Strap III system was selected for this payload. The star sensor, usually used to provide referencing for the fine pointing mode, was replaced for this flight by a solar position-error sensor, specially adapted to operate in the changing flux conditions as the vehicle approached second contact.
After initial de-spin and coarse pointing maneuvers were completed, this sensor was used to update the inertial reference frame to point the payload at the center of the remaining solar crescent. As the vehicle passed into the cone of totality, guidance was assumed by the rate-integrating gyros which provided drift rates of less than 5''s" 1 . A separate output voltage from the automatic gain control circuit of the solar sensor was recorded on the flight telemetry as a sensitive indication of the time of second contact.
c) The Recovery System Following completion of the fiftieth exposure the entire payload was automatically sealed and pressurized with dry nitrogen from an on-board system (see Fig. 2 ). A secondary sealing system, operated by explosive squib actuators, then sealed the cameras; and after electrical isolation of the payload to prevent damage by electrolysis, the payload separated from the rocket body and a parachute and flotation system was deployed. Visual-aid and radio-guidance devices contained in the flotation pack assisted in rapid location of the payload.
IV. INTENSITY CALIBRATION
The method of calibration used was to determine separately the optical transmission of the instruments, the sensitivity of the photographic emulsion, and the transmission of the residual Earth's atmosphere.
The spectral efficiency of the grating was measured before and after flight. To within the accuracy of the measurement (±10 percent) no difference existed between these two 197lApJ. . .169. .5 95G ULTRAVIOLET SOLAR SPECTRUM No. 3, 1971 599 sets of data, and their mean value was adopted as the spectral response of the flight optics. Absolute intensity calibration and response curves at wavelengths from 850 to 2100 Â have been obtained for the flight film following the method described by Burton, Hatter, and Ridgeley (1968) . The response of the calibrated photocell they employed was checked at wavelengths below 1300 Â against the saturated photoemission of a sample of tungsten previously measured by Cairns and Samson (1966) , and allowance was made for the wavelength dependence of the aging of the sodium salicylate phosphor on the front of the calibrated photocell. To within the limits of accuracy of the above measurements (±20 percent) the film was shown to have a constant energy response independent of wavelength over the above spectral range.
Tests showed that for wavelengths between 850 and 2150 Â there was no reciprocity failure with Kodak 101-01 emulsion over the range of exposures used during flight and calibration. Despite the employment of continuous agitation, the Eberhard effect was found to cause enhancement in the density of narrow spectral features at densities above 0.6. Care was taken to allow for this effect in determining the absolute intensity calibration and response curves for the film, but on some wide dense features of the flight films the limits of accuracy in measurement of intensity may still be set by this effect.
The overall intensity calibration is estimated to have a probable accuracy of a factor of 2.
V. FLIGHT PERFORMANCE With one exception, all systems associated with the launch, timing, trajectory, attitude control, camera sequence, and recovery operations functioned in a manner within, or at times surpassing, the designed performance. The exception was the camera on the long-wavelength spectrograph. Owing to what appears to have been a partial closure of its sealing shutter, no spectra were obtained on this instrument.
The launch trajectory, shown as (c) in Figure 1 , was 2 standard deviations away from the nominal, shown as (b). However, in this case it was just equivalent to flying a somewhat lighter payload, the effect being to bring the actual flight path very close to the ideal situation, (a). In fact, the payload passed within 2800 m of the central line at an altitude of 120 km.
A variety of factors have influenced the postflight determination of rocket position throughout the flight. The most critical of these concerned the on-board beacon, which failed intermittently and was not recorded for long enough to establish the trajectory. The final reduced trajectory was based on a limited amount of skin-track data from 102 s to 161 s on the upleg and from 316 s to 342 s on the downleg. The critical data period, 170-250 s, was thus untracked. A computed trajectory has been fitted to the available skin-track data in the drag-free portion of the flight, with flight parameters chosen that minimize all residuals in the region of overlap. This resulted in a reconstructed trajectory throughout the observation period with no residuals of either sign exceeding 400 feet, when compared with the skin-track values. Consequently, the position of the vehicle may now be regarded as known to within a sphere of 500 feet radius at any instant, i.e., 5 times worse than the individual point ranging errors, had it been tracked. This is equivalent in the worst case to a lunar-limb absolute position uncertainty of ± 0'i 1 at any given position angle, or approximately twice the uncertainty due to the limb motion through out the short-exposure frames (0'i32 s' 1 X 0.2 s = ±0'i04). It thus sets the ultimate limit on spatial information in terms of absolute height determination in the solar atmosphere.
A second check on the flight history was possible from inspection of the telemetered signal from the white-light eclipse-crescent sensor. This red-sensitive signal shows second contact at 196.5 ± 0.5 s into the flight, with very good signal-to-noise ratio. This places second contact just prior to frame 22 in the data sequence. The reconstructed trajectory places second contact at 198.0 s, or just after frame 22. The above difference A. H. GABRIEL ET AL.
Vol. 169 of 1.5 s is equivalent to a 0'i5 difference in the definition of second contact from the two measurements, the (Ha) red-sensitive signal yielding a "larger" Sun by 0''5 or 360 km at the limb.
On the basis of a nominal trajectory, the attitude control system was programmed for roll maneuver before flight, with the object of aligning the line of centers of the eclipse with the axis of dispersion of the spectrographs. Only inspection of the recorded spectra can confirm the actual roll attitude, as there was no telemetry on this maneuver. Departure of the actual trajectory from the nominal resulted in a misalignment of 14° between the crescent images and the axis of dispersion as seen clearly on the spectra obtained.
A second check on the roll attitude can be made from the detail on the lunar profiles. It is possible to compute the profile of the lunar limb at any time and position angle from published tables and known lunar and topographic librations. This has been done for eclipse day. A comparison of this limb profile with the intensity modulation around the crescent shows excellent agreement at one rotational position angle only. This effect can be seen clearly in Figure 3 (Plate 4), where the high features A, B, C, D cause a cutoff in the continuum emission at 1600 Â. The derived roll attitude confirms a correct roll maneuver, but in addition allows a precise position angle to be determined in any crescent image.
The data-acquisition sequence commenced at 122 s into the flight at an altitude of 110 km. The solar right ascension and declination were 347?8 and -5?2, respectively, with a solar zenith angle of 47?4.
VI. DESCRIPTION OF THE SPECTRA
The spectra obtained are of excellent quality. The image resolution is grain-limited in the center of the spectral range to 0.01 mm, equivalent to 0.17 Â or 3000 km at the Sun. At the ends of the range, astigmatism spreads the image to 0.18 mm, equivalent to 3 Â or 54000 km. These figures do not provide the limits for either spectral or spatial resolution, as will be clear later. Image movement due to pointing excursions was typically less than ^5" during one exposure, and for several critical frames around second contact was less than 2", equivalent to <0.08 Â or <1500 km. Table 2 gives a summary of the useful data obtained. Continuum-dominated spectra begin to appear above the scattered-light level by frame 12 in the exposure sequence. At this point the payload was 161 s into the flight with the Moon's limb 10" inside the solar limb. The major axis of the crescents (line through solar and lunar centers) is approximately 14° from the principal axis of dispersion at second contact, and changes by relatively small amounts throughout the important frames. Solar rotational north, which is inclined at 23° to the sky, or geocentric north of Figure 1 , is located at 26° clockwise from the principal axis of dispersion. Second contact occurs close to frame 22, and frame 43 is the closest to equal midtotality. The altitude is a maximum of 143 km at second contact, falling to 120 km at frame 44 and 105 km at frame 49. The later spectra show significant effects of atmospheric absorption.
Some of these effects can be seen in Figure 4 (Plate 5), which shows four frames in the sequence 20, 22, 24, and 30, each of 1 s duration. Frames 20-24 show the passage through second contact. They illustrate the drop in photospheric continuum and the decrease in emission from chromospheric and transition-region emission lines as the Moon's limb cuts off the emission below increasing heights in the solar atmosphere. This can also be seen as a progressive shortening of the arc images formed by these lines, a point that will be considered again in § 8. Frame 30 in Figure 4 shows the lines that remain when the transition region has been obscured by the lunar limb. The only remaining features in chromospheric and transition-region lines are due to prominences. The resonance lines of the lithium-like and sodium-like sequences, i.e., Si iv, show extensions into the corona, although these lines are stronger at lower heights. The Balmer a-line of He n also shows such an extension. The coronal components are due in each case to a high-temperature "tail" to the ionization equilibrium populations of these ions (see, for example, Jordan 1969). The dominant feature on all the frames is the coronal hydrogen La emission, which is formed by scattering of the chromospheric resonance radiation by the residual neutral hydrogen in the corona.
Of the remaining twenty-five coronal lines, seventeen have been identified as forbidden transitions in the ground configurations of high ions of Mg, Si, S, Fe, and Ni. A. H. GABRIEL ET AL.
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At Ne ~ 10 8 -10 9 cm -3 , these lines are formed predominantly by excitations which originate from the ground state, and hence the intensity is proportional to r N{i) T _ J N(E) le 1/2 exv(-W/kT e )N e Hz, where N(i)/N(E) is the ionization-equilibrium population ratio, W is the excitation energy of the observed line, N e and T e are the electron density and temperature, and z is the line-of-sight direction. The value of N{i)/N(E) exp (-W/kT^Tr 112 may be taken as constant for a given line because of the rapid variation of N(i)/N(E) with T e . Each line is therefore formed predominantly close to the temperature at which N(i)/ N(E) has its maximum value, and the eclipse image in a given line shows the variation of J'Ne^z at that temperature, as a function of position. Furthermore, the relative intensity of lines formed at different temperatures, as a function of position around the limb, is a sensitive function of temperature, and this behavior has been of great value in making line identifications. ULTRAVIOLET SOLAR SPECTRUM 603
Region d is a large coronal condensation which shows extensive loop structure above the limb. The appearance of the condensation varies as a function of the temperature at which the emitting line is formed, and this temperature dependence has also been used to identify the coronal lines. Figure 6 (Plate 6) illustrates the change in the apparent structure of the condensation for 9.5 X 10 5 ° K < T e < 2.0 X 10 6 ° K. The Si vm emission {Te^ 9.3 X 10 6 ° K) is strong at the outer feet of the loop system, and the loop extends to ^140000 km above the limb. The Fe xi line {T e c^. 1.4 X 10 6 ° K) also shows strong emission at the feet of the loop but is relatively stronger than the Si vm line in the central region of the condensation, and the loop structure does not extend as high into the corona. These tendencies continue between Fe xi and Fe xn {T e^ 1.7 X 10 6°K ). The S xi (r e~2 .0 X 10 6°K ) emission originates predominantly from the central regions (in projection) of the condensation. The detailed photometry of the coronal condensation in all the lines will be used to produce a density and temperature model of the region. However, even from the general appearance of the images it can be concluded that there is a well-differentiated temperature structure in the condensation, with the hottest parts in the central region. At a given temperature the value of fNe^dz varies considerably from point to point in the condensation but on average decreases as a function of height above the limb.
Many prominences are seen at the limb in the eclipse spectra (e.g., features £,/, and g in Fig. 5) . One of these, e, is close to the line of centers and is observed to a height of 22000 km above the limb. It is seen in all the chromospheric and transition-region lines formed at temperatures up to 3 X 10 5 ° K, but is extremely faint, if present at all, in the coronal lines with ^ > 9 X 10 5 ° K. Prominences such as / and g are seen only in the strongest transition-region lines, but this is probably an intensity effect and need not indicate a temperature structure different from that of e. Again, these prominences are not apparent in the images of the coronal lines.
VII. SPECTRAL IDENTIFICATION a) Chromospheric and Transition Region Lines
There are about 330 emission lines observed in the eclipse spectra between 977 and 2187 Â. Of these, about thirty are of apparent coronal origin and will be discussed below.
Of the 300 or so lines which disappear shortly after second contact, 260 have been previously observed in the limb spectra obtained by Burton and Ridgeley (1970) , and 230 have been identified by using their list. The lines observed represent chromospheric and transition-region material between temperatures of ^10 4 0 and 3 X 10 5 ° K. (Since Burton and Ridgeley give a critical discussion of the types of transitions observed, the identified lines will not be considered further here.) Table 3 lists the lines not previously observed by Burton and Ridgeley, together with proposed identifications. The wavelength accuracy is in this case limited by the spatial widths of the asymmetric arc images to ^0.5 Â. Many of these can be identified as lines of Fe ii. Of the remainder, some dozen lines are close to wavelengths of Fe m transitions. These transitions are between levels with energies of about 8 and 14 eV. Burton and Ridgeley have identified other Fe m lines in this region of the spectrum, and many of these are also between excited levels. The populations of the levels at 8 eV will be too low for excitation to originate from them, and it is likely that the upper levels at 14 eV are populated by collisional excitation from the ground term. The transitions from the levels at about 14 eV to the ground term have not been reported in the literature. In the limb spectra, the lines at about 1990 Â originating from transitions between levels at 8 and 14 eV can be enhanced with respect to the resonance transitions at about 900 Â because of their lower optical depth. Note.-C indicates that on later frames coronal line appears near this wavelength. Air wavelengths above 2000 A.
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Twenty-eight lines of coronal origin are observed in the eclipse spectra between 977 and 2185 Â. Of these, five have been observed previously by Burton, Ridgeley, and Wilson (1967) . Table 4 lists the measured wavelengths, proposed classification, and the temperature of the region producing the lines (excluding the hydrogen-like and lithiumlike resonance lines). These lines are not overexposed, and many show a complete ring so that the limb of the Moon is clearly defined, and it has been possible, with few exceptions, to measure wavelengths to 0.2 Â. This was achieved by measuring the films with a microscope fitted with a graticule ruled with a circle matched in a diameter to the Moon's image.
The lines have been identified by taking account of (i) known or predicted wavelengths, (ii) the computed dependence on N e and T e and hence the appearance of the image of the quiet and active regions in a given line, and (iii) the calculated relative intensities of the proposed transitions. All three properties of a line have been considered before an identification has been assigned.
The sources used for wavelengths or wavelength extrapolations were Moore (1949 Moore ( , 1952 and Cowan (1967) . The relative intensities of lines were calculated by using the collision strengths of Saraph, Seaton, and Shemming (1969) , Czyzak and Krueger (1967) , and Czyzak et al. (1970) . The population densities calculated by Zirker (1970) have also Krueger and Czyzak (1965) . The actual appearance of the solar image in each coronal line is of great value in identifying the lines. There is considerable variation from line to line (and hence as a function of temperature) in the relative intensities of quiet regions around the solar limb, and in the structure apparent in the largest coronal condensation. The lines can therefore be placed in a temperature sequence, the scale of which can be established once a few lines have been identified by other methods. The temperature at which an identified line is formed is given by the temperature at which the function g(T) = T e -U 2 ewlkT m N(E) has its maximum value (Pottasch 1963) , where W is the energy of the transition in eV. The values of N(i)/N(E) have been taken from the calculations of Jordan (1969) ; alternatively, the results of Allen and Dupree (1969) can be used. The 4 53/2-2 P3/2,i/2 lines of Fe xn at 1242.2 and 1349.6 Â were classified by Burton et al. (1967) from their limb spectra, using predicted wavelengths calculated by Cowan (1965) . Their similarity of appearance in the eclipse spectra, both in the coronal condensation and around the solar limb, and the agreement between their observed and calculated relative intensity, supports the identification.
The 4 5 , 3/2-2 A/2 transition in Fe xn is predicted by Cowan (1965) to lie at 2200 Â. The line at 2170 Â lies within the possible errors in the calculated and extrapolated wavelengths. The image in the line at 2170 Â is similar in appearance to those at 1242 and 1350 Â. Calculations of the populations of the 2 P and 2 D levels (see Fig. 7 ) indicate that the relative intensities of the lines at 1350 and 2170 Â should change only by a factor of 2.7 for 10 8 < N e < 10 9 cm -3 , so that although the quiet coronal regions should appear the same in the two lines, the details in the active regions may differ. If it is assumed that the identification of 2170 Â as Fe xn 4 5 3 /2-2 A/2 is correct, the wavelength of the isoelectronic Ni xiv transition can be extrapolated, and hence the line at 1867 Â is identified with this transition. ULTRAVIOLET SOLAR SPECTRUM 607
Extrapolation of the fourth root of the 2 D separation, together with independent assessment of the temperature of the emitting region, allows the line at 2185 Â to be identified with Ni xiv ^Szit^Dz/i. Hence a better value for the 2 Dz/2-2 D^/2 separation in Fe xii can be obtained. The wavelengths of other possible Fe xn transitions can then be predicted. These are:
4 Sz/2~2Dz/2 at 2405 Â; 2 D^-2 Pz¡2 at 2902 Â; 2 Dz/2-2 Pif2 at 3072 Â; and 2 Dz/2~2P3/2 at 2567 Â; where the wavelengths cited are air wavelengths. The tentative identification of the line at 3021 Â, given as Fe xii by Jefferies (1969) and earlier authors, is therefore incorrect, and the line at 3072 Â unidentified in the list of Jefferies can now be classified as the 2 Dz/2~2Pi/2 transition of Fe 11. The line at 1446 Â was tentatively assigned by Burton et al. (1967) to Fe xi 3 Pi-1 5o, on the basis of Cowan^ (1965) predicted wavelength of 1426 Â. Subsequent consideration of the eclipse data now excludes this classification which is replaced by Si vm A Szi2~ 2 Dz/2-Edlen (1971a) has pointed out that because of the low rate of radiative decay of the 2 Z) 5 /2 level, the transition is from the 2 Dz/2 rather than the nearby 2 A/2 level. The line at 1467 Â is now classified as the Fe xi transition, and agrees well with a later predicted wavelength (Cowan 1967) of 1464 Â.
The Si ix 3 P 2 -1 A and 3 Pi-1 A wavelengths agree well with the predicted values given by Moore (1949) . The separation also fits the known 3 Pi~3P2 separation. The isoelectronic S xi transitions can also be identified. Edlén (197la) has pointed out that the predicted separation of the 3 Pi, 3 P 2 levels in S xi suggests identification of the 3 Pi-1 A transition with the line at 1615 Â rather than our earlier suggestion of 1624 Â. The S ix 3 P 2 -1 A wavelength agrees, within 10 Â, with the value predicted in Moore (1949) .
The wavelength of the Ni xiii 3 P 2~1 A transition is known from the identifications of the 3 Pi-3 P 2 and 3 Pi-1 A transitions in the visible-region coronal spectrum. The Fe xm 3 Pi-V> 0 transition is calculated to be comparable in intensity with the Fe xi 3 Pi-1 5 0 transition at 1467 Â. Cowan (1967) predicts the wavelength of the transition to be 1217 Â. The only line which fits the predicted wavelength and intensity of the Fe xm transition is one at 1213 Â, which can be found close to La. If, however, the Fe xm line were less than, say, 0.7 Â from La at 1215.7 Â, it would not be detected in the present experiment.
Two of the lines listed in Table 4 , at 1190 and 2147 Â, are apparent only in the part of the condensation that is brightest in the Si vm image in Figure 6 . This suggests that the temperature at which they are found is less than 9 X 10 5 0 K. The only abundant ions in which transitions between levels in the ground-state configuration are expected to produce lines near these wavelengths are Mg vu and Si vu. The Mg vn 3 Pi-1 5o transition is predicted to lie at 1183 Â (Moore 1949) , but the wavelength uncertainty is sufficient to include the line at 1190 Â. The Si vn 3 P 2 -1 A transition is expected at 2127 Â, according to Moore. If the line at 2147 Â is identified as Si vn, it implies that the laboratory determinations of the X D level are incorrect. The line at 1624 Â was considered for the allowed O vn transition ls2s 3 Si~ls2p 3 P°2. However, a laboratory measurement of this line at 1623.3 Â (Elton 1967) appeared to rule out this identification. A recent remeasurement of the wavelength at 1623.63 Â by Engelhardt and Sommer (1971) raises the possibility that the coronal line may indeed be due to this transition, although the wavelength is still a little outside expected measurement errors.
The strongest unidentified lines are those at 1918 and 2042 Â. No transitions between levels of the ground configuration in suitable ions of the abundant elements appear to fit these. Edlén (1969) suggested that many of the weak features in the visible-region coronal spectrum are due to transitions between excited states such as the 3p n 3d levels in Fe ix-Fe xm* There are many such transitions expected between 1190 and 2185 Â, although the lack of accurate energy levels makes it impossible to assign identifications. However, the appearance of the lines suggests that 2042 Â is a line from an ion such as Fe ix (8.7 X 10 5 0 K) and that the line at 1918 Â is from an ion such as Fe x (1.2 X 10 6° K). A. H. GABRIEL ET AL. Vol. 169
Edlén (19716) and Svensson (1971) have recently made new wavelength extrapolations including some new experimental laboratory data. They propose that the line at 2085 Â is due to Ni xv and support most of the classifications given in Table 4 .
Forbidden lines of Fe x and Fe xiv are observed in the spectrum of the Seyfert galaxy NGC 4151 (Oke and Sargent 1968) . Ultraviolet spectra of such objects should therefore also show at least some of the lines listed in Table 4 . Because of the similarities between the spectra of Seyfert galaxies and those of quasi-stellar objects, the lines in Table 4 should be added to search lists used in identifying lines in the redshifted far-ultraviolet spectra of QSCVs.
VIII. CHROMOSPHERIC STRUCTURE Structure can be represented as the variation of T e (and N e ) with height h above the solar limb. Because of departures from spherical symmetry caused by spicules and other irregularities, two different definitions of the structure can be recognized. The true radial structure is given by the variation along a single typical radius vector. The spherical average structure is given by the effect of averaging over all radius vectors. It is more useful to think of this as a radial distribution function for each temperature existing in the true radial structure, rather than an average radial temperature variation. In this way, it gives directly the spatial amplitude of the departures from spherical symmetry. Analysis of total disk intensities in the way described by Jordan (1965) , Athay (1966) , Dupree and Goldberg (1968) , and Burton et al. (1971) gives the true radial structure, since it depends on absolute spectral intensities which are not affected by in homogeneities. The analysis of data on limb-to-disk intensity by Burton et al. (1971) has shown that cool material presumably in the form of spicules extends to heights of ^10000 km above the steep transition region found from the radial structure analyses. Thus transitionregion lines can be observed high in the corona, originating in a thin layer around the spicules. Analysis of the eclipse data can in principle give both the radial structure and the spherical average, although the first may be somewhat limited in precision.
As indicated in § 6, the spatial resolution on the eclipse films is limited by grain, pointing noise, and aberrations to a distance that is comparable to, or larger than, structure scale lengths in the chromosphere. However, the position of the Moon's limb, which provides a precise cutoff at some value of h, is known to a greater precision through the trajectory of the payload. This is independent of instrumental resolution and is limited only by the exposure duration and repetition time. For analysis of chromospheric structure (but not coronal) it is necessary to use the brightness of the solar limb integrated radially from h = H aX the Moon's limb out to <».
The total flux leaving the Sun in an optically thin emission line from all layers above the Moon's limb over a distance dy around the limb is given by OO 00 E(H) -dyS f z)dzd% , H -oo where z is the line-of-sight direction, x is at right angles to z and y and is measured above the Sun's limb, and €(#, y, z) is the volume emission coefficient at (x, y, z). This quantity E(ff) is measured from the records as a function of H, either by taking the same position angle on successive frames or, less reliably, by taking a range of position angles on the same frame. The height ff at some position angle 0 relative to the center of the arc is given by
where d is the Moon's radius projected at the Sun, R is the solar radius, and Ho is the value of H at the center of the arc. The quantity E(H) can be written as
where F{%) is the Sun's brightness at a distance x above the limb. The quantity F(x) is then given by * oo F(x) = y'efe y, z)dz , -OO and can be found by differentiating the observed E(H). Thus, If spherical symmetry is assumed, then e(x, y, z) becomes e(r), where r is the height above the solar surface. The quantity e(r) is then derived from F(x) by the usual Abel integral equation
In this way, analysis of the observed intensities gives e(r) for each line and also where the integration is from 0 to oo . If e(r) is known for lines formed at different temperatures, the displacement of the peaks of these functions along the r-axis gives the temperature gradient. For transitionregion ions, this displacement is expected to be small and will not be measurable with the spatial precision available from this experiment. The actual width of the function e(r) then gives the departures from spherical symmetry. If the absolute intensity calibration is now made use of, the quantity f ™e(r)dr can be related to fN?dh over the temperature region emitting the line. From here on, the derivation of temperature and density gradients proceeds in the same way as the analysis of total disk intensities described by Jordan (1965) and others (see above), and leads to a solution for the true radial structure.
Analysis of the data by using the above method has not yet been carried out, as the full intensity data have only recently become available. However, some approximate structure information can be obtained by an alternative approach which involves the measurement of the change in total chord lengths L for the arcs of chromospheric lines through those frames around second contact. L is given by
where h is the height of the top of the emitting layer. The validity of this procedure is limited by the presence of prominences and by the fact that the varying intensities of the different lines combined with the threshold effects of the photographic recording introduce significant random errors into the measurement of L. Thus lines of different intensities formed at the same temperature produce chords of different lengths in the same frame. Figure 8 shows a plot of L 2 against Hq for frames 19-33, and a theoretical curve derived from the above equation. In the absence of the above limitations, one expects the curves for the observed lines to be parallel to the theoretical one but displaced horizontally according to the value of h for each line. When the effects of prominences are allowed for, the slopes are seen to be correct. The horizontal differences (height variations) can be shown, however, to be fully accounted for by intensity effects. There is no correlation between height and temperature of the line. For example, N iv at 1.3 X 10 5 ° K and 0 in at 8 X 10 4 ° K give lower heights than Si m at 5.5 X 10 4 ° K. There is, however, a correlation with intensity, the more intense lines giving a greater height. This plot then serves only to give a lower limit to the temperature gradient. It is consistent with a model having a transition region less than 5000 km in thickness, which extends to a height ^10000 km. A. H. GABRIEL ET AL.
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IX. CORONAL LYMAN-a
The La image evident in Figure 4 is seen to be very intense and to extend out to over ^Rq beyond the limb. It also shows an equatorial enhancement. Four possible processes can be considered for the production of this radiation : a) Thomson scattering of the intense chromospheric La emission by the coronal electrons. This can be readily eliminated. The image would be smeared out by a wavelength spread ^70 Â due to the electron Doppler motions, and the predicted intensity would be too low to record at the sensitivity of this experiment. b) Small-angle scattering of the chromospheric La by interplanetary dust particles, i.e., the F corona in La. A reasonable extrapolation of such scattering in the visible region indicates that its intensity would be ^lO -5 of the measured value, so that this can also be ruled out. c) Excitation by electron impact of the neutral hydrogen present in the corona. Although at the temperature of the corona (^1.5 X 10 6°K ) only ^2 X 10" 7 of the hydrogen will be neutral, this resulting density ^10 atoms cm" 3 is still sufficient to result in measurable line emission. d) Excitation of coronal neutral hydrogen by La photons from the intense chromospheric source, i.e. fluorescent excitation.
Of these, only (c) and (d) need be considered, and (d) is found to dominate over (c) by a factor of 10 close to the limb and by a larger factor at greater heights. A detailed calculation of these two effects has been carried out as follows. First, the ionization No. 3, 1971 ULTRAVIOLET SOLAR SPECTRUM 611 equilibrium population ratio Nb./Nh + has been calculated as a function of electron temperature T e . This is given by the ratio of recombination rate coefficient a to the impactionization rate coefficient S. S is given by the integral over the Maxwellian distribution of the ionization cross-section Q given by Figure 9 . Other processes influencing the ionization equilibrium were neglected for this preliminary analysis. The most important of these is excitation to the 2s level followed by photoionization. This is estimated to change the neutral concentration by only 20 percent. For excitation by electron impact, the effective Gaunt factor approximation is used (Van Regemorter 1962) , in which neutral values for the Gaunt factor, and an oscillator strength of / = 0.54 to allow for both 2s and 2p excitation, are taken. The photoexcitation rate per H atom can be given by dilution factor, and L\ are the emission-and absorption-line shapes normalized so that J'Kxdh = 1 and jTL\d\ = 1. The quantity is derived from the published profiles of Tousey et al. (1964) Assuming an atmospheric model (N ei T as a function of height), we can calculate the volume emission in La by these two processes. For this it is assumed that Ti = TV To derive the apparent surface brightness of the corona, this must then be integrated along the line of sight. In doing so, allowance is made for the fact that the resonance scattering is not isotropic but has an intensity modulation factor 0.75(1 + cos 2 ß), where ß is the scattering angle. This computation, giving finally the brightness as a function of distance of the line of sight above the limb, has been computerized so that it can readily cope with different solar models.
The images recorded at the eclipse have been scanned along a number of radius vectors and reduced to brightness figures. These have been plotted in in Figure 10 as the full curves. Curve 1 corresponds to the solar north pole, curves 2 and 3 correspond to the W and E equatorial radii, curve 4 coincides with a strong white-light streamer, and curve 5 coincides with the cool quiet region indicated as b on Figure 5 . Also shown are the three dashed curves derived theoretically from the solar models the densities of which are given by Allen (1963) , with temperatures assumed constant at 1.4 X 10 6 ° K. Attempts to put in a realistic temperature distribution made a negligible change, so that constanttemperature models were adopted for simplicity. The three density models A, B, and C are those designated by Allen as solar maximum, minimum equatorial, and minimum polar, respectively. It can be seen that the agreement of curves 2 and 3 with model B is Ro Fig. 10 .-Radial brightness variation of the La corona. Curves, 1,2, and 3 represent observations along radius vectors at solar N, W, and E; curve 4 is at an intense white-light streamer; and curve 5 is at a quiet cool region. A, B, and C are predicted brightnesses, computed from density models. No. 3, 1971 ULTRAVIOLET SOLAR SPECTRUM 613 good to within a factor of 2, whereas the polar curve 1 is rather more than a factor of 3 above C. Model C is in fact better matched by the cool region 5. This comparison on an absolute scale can be considered excellent when one considers the factor of 2 uncertainty in the experimental absolute intensities. The detailed structure correlates well with the white-light corona recorded by Newkirk and Lacey (1970) and shown in Figure 11 (Plate 7) with the radius vectors superposed corresponding to the scans of Figure 10 . In principle this comparison offers a means of measuring the variation of electron temperature with position. However, since such variations are not expected to exceed ^30 percent, other quantities must be constant or known to this accuracy. In particular, it is necessary to know local chromospheric variations in La intensity and profile. The intensity variations could be obtained from the Harvard OSO-VI experiment, but the profile variations remain unknown.
x. SUMMARY A series of stigmatic spectra has been obtained in the wavelength renge 850-2190 Â as a function of time throughout the second contact and totality phases of the solar eclipse The spectra contain important information on many aspects of solar structure and activity. Twenty-five new coronal lines have been measured, the majority of which have now been identified as new forbidden transitions in the abundant solar elements. This work is of importance to the study of atomic-structure physics as well as the Sun, and is of potential value for other astrophysical sources. The La corona has been interpreted quantitatively in terms of resonance scatter of disk La by residual coronal neutral hydrogen. A simple analysis of arc lengths has yielded a preliminary structure of the transition region. An improved structure of the quiet atmosphere, coronal condensations, and prominences is planned as a later stage in the analysis of the data.
